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La presente invention, systeme H. Huber et 
N'Guyen Thien-Chi, vise un perfectionnement ap- 
portc aux cathodes a oxydes et consiste dans 1'ad- 
jonction de carbures de certains metaux au nickel 
utilise habitueliement comme materiau de support 
pour les oxydes alcalino-terreux. 

Le but de ce perfectionnement est d'obtenir des 
cathodes a oxydes d'emissivite tnermoelectronique 
elevee et de iongue duree par liberation de baryum 
judicieusement controlee pendant la vie de . la 
cathode. 

On sait que ies cathodes a oxydes se presentent 
sous forme d'un support de nickel de different es 
structures, support qui est revetu d' oxydes alcalino- 
terreux, en particulier de melanges d'oxydes de 
baryunx, de strontium et de calcium, ces oxydes 
el ant obtenus en general a partir des carbonates 
alcalino-terreux. 

Le perfectionnement conforme a Finvention s'ap- 
plique a 1'ensemble de ces cathodes. 

On sait aussi que le fonctionnement des cathodes 
a oxydes est base sur la presence de metal alcalino- 
terreux en execs Ba incorpore dans le reseau cris- 
tallin des oxydes, que la liberation de metal alca- 
lino-terreux se fait essentieflement a 1'aide d'une 
reduction chimique de 1'oxyde par des agents re- 
ducteurs dans le nickel, et qu'il existe un optimum 
pour la teneur en Ba, un exces trop fort en 
baryum s'eliminant par evaporation. 

II est connu d 1 autre part qu'il existe des effets 
nocifs diminuant la teneur en metal alcalino-ter- 
reux dans 1'oxyde tels que : 

le bombarement ionique dependant de la densite 
de courant et de la tension de regime, 

des reactions chimiques entre le metal alcalino- 
terreux et des gaz ou des vapeurs, 

Fevaporation thennique dependant de la tempe- 
rature de la cathode. 

Si Ton vent avoir une cathode de bonne emis- 
sivite et de Iongue duree, il f ant que ces effets 
nocifs soient maintenus a un niveau tolerable, 



5 - 41283 



c'est-a-dire a un niveau tel que la perte ,de metal 
alcalino-terreux soit compensee pendant la vie de 
la cathode grace a rapport provenant de ia reduc- 
tion chimique de 1'oxyde par lesdits agents reduc- 
teurs dans le nickel. Une reaction a Tetat solide a 
lieu sur la surface de contact entre le revetement 
et le nickel-support, a la suite de quoi 1'oxyde alca- 
lino-terreux BaO est reduit. 

Les agents reducteurs habituels sont le silicium, 
raluminium et le magnesium, additionnes au nickel 
en faible teneur (de Tordre du dixieme de %). On 
connait aussi des cas d'adjonction de titanium, tan- 
tale ou tungstene. 

Tons ces agents reducteurs ont le desavantage 
que ieur pouvoir reducteur e^ relativement fort, 
produisant du baryum en proportions trop fortes 
pour compenser les pertes, et qu'ils f ormeat alors 
prematurement des couches intermediaires entre le 
support et la couche d'oxydes, de meme que des 
depots de baryum, ce qui limite la longevite de la 
cathode. 

Ces couches intermediaires, qui ont ete raises en 
evidence par experience, et qui correspondent au 
silicate, a Faluminate, a Toxyde de magnesium, au 
titanate, au tantale et au tungstene, sont en effet 
susceptibles de : 

Alterer la resistance electrique de la cathode dans 
la direction du flux du courant, 

Abaisser la temperature de la cathode, 

Donner naissance a une manvaise adherence de 
la couche, 

Ralentir la diffusion de Tagent reducteur et 
ralentir ainsi le taux de reaction a Tetat solide, 
liberant du baryum aux limites entre le nickel sup- 
port et le revetement. 

En outre, certains de ces metaux a joules, tels 
que le magnesium, ont le desavantage de former 
des depots metalliques dus a la volatilisation a la 
temperature de regime de la cathode. 

Ann d'obvier aux inconvenients de ces agents, 
reducteurs, la presente invention preconise Fadjonc- 
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Sion* an nickel du support, d& carbnrGs mctafliquea^ 
<Snst lea +«"g"»»r sarcml comprises cntxe qnelqugg 
(fcdcmcs de % et quelques %. 

On zemarqaera tout iFabord 
des m&&us suivanBs r W 9 Mo, Gr, Ta» Nb. V, HI, 
Zr, Ti, La, Y, Co, Pr, Th, U, Si, Ai, sunt tros 
refcrectaires e£ ne donnent auccme crainte pour des 
depots par To&t&sa&on, 

"One etude a mantra d'aubna part que dec ear- 
buses fonctionnent comma agents gfednghmra vis-a- 
tria des oxydes alcalino -fterreiEr, mais avec un poo- 
voir redueseor moino for? que les metaux coos^i- 
toast cb carbarns. Par example, lea carbuces da 
Si, AX, Ti, Ta et W sont mains foitement reduo 
tenrs que lea toSam, Si, A3, Ti, Ta et W. Tootle* 
$oia. ce poa^ozr reducteur est largemenfc sarasant 
pour caggpgnger Has partes da baryum pax les cffeis 
Bccifs cites ca-dessus- II s'eawE&t que la formation 
da coucbes intermed£airee s'eSee&na plus lentameut 
et qua par consequent la duree de ia cathode est 
pints Songue- ^u$, la reaction autre les osydss 
elcalino-terrecus at las carbures forrnte du carbuia 
de baryran iaeorpore dun* la masse des autre* pro- 
darts aeaassafges eossm^ ttnaf^fflate, aSKantta, etc, ce 
qui est gnaeegafliBe da diamines* les mauvais eSess 
des eotEC&ea iaGezsBedlaires. 

3Le earbure eboisi de prSfforanao est Is earbnre 
de tan^teneL 

Le precede de fabrication du natkrf avec adjunc- 
tion de carbures peat consister : 

Soit 4 melange? de la poudre da nickel avee la 
qnantlle voulue do posodrc de earbure pour en {aire 
coEupFT&ce, a . fritter ce cnnTpriroe. et a le 
&90zme7 ensuite d T apjres la technique comnue de la 
mataflqgyQ du •*>*iW v 3 A 

Soft £l ajootar la qnanbitoc voulue de poudre de 
earbure am nic&d foadu dsns m& four a vk35c 

La grossaur das grains &s& carburas doat etra 
tree boraog^ne, ea. exunprisa sxsfare 1 g£ 30 
amvaat le typa da reginxe da 9a cafibude. La gros- 



scar des grains est en effet un Cocteur 
potor cootrolar la \nresse de raactiaa. Flos Is 
est fin, phjs la vttassa de recctioa est graode. 

Si Ton vetst alora faize dea caddiadcs & regime 
pousse a tempzrature relarivcsa£nt elevee, ou les 
parte de baryum sont relatiTnzsnent &&vess+ H es? 
preferable d^atiliser una ponsdre de earbure da 
grains i&ns* En outre; fl est ucdnqaie d"«tiliser dans 
ee cas das tenetero r^atrvesneut eWees de eastore 
a a 4 %}. 

Par contra, paur des catbodes a deb3n et a tern* 
perzunre de regime r^BtivemesaS: ' faibfe, il est iadi- 
que d'utjliser una poudra de canrbnar© a gros grains 
et de teaaur ralati^ement fsible fl % &u rnasi- 

Les supports decrits sont appficables a toas types 
da cathodes a ojtydes utS&saa dans las tabes Hec- 
tronsques. 

La ISguxTB Jointe repreaanta una COUpe agxandiz 
a trsvers les coucbas carbodaquea voisines &s la 
surface da Geparasion d^a support ej das ozydas; 
oq s designc sci par 1 2a coucbe cTozydss, <s£ par 
2 le support ea nickel avec adjonetion da carb&re 
confor4ne a I'mvcaation. 



MeQsrisQ pocur Bopperlls de catbodes a o^rjdas, 
constztue par d® mcbd avec Bdjoacbon d'un p eot 
poisrcenSags fan&ze qudqesses dbdeats d© % <s£ 
qnalqoss % ) de earbure metafiiqua. 

Utrlisatian dza carbmrea ties r^Bstaaras. 

Precede da fsBpricatlosa dc ce rnsterfena. 

A tstsa da prod tuts Industraslo noissveauz« 
cathodes k osy&s ^ts^sant les suppairta deerits. 
ttebea Hoctroniques munis de ce 

GOBSPAGKIE 
DS TKJLECUU^BSE SaKS TIL. 
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Improvements in substrates for oxide-coated cathodes 
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(Issue of patent delayed in execution of Article 11, § 7, 
of the law of July 5, 1844, amended by the law of April 7, 1902.) 

The present invention, the H. Huber and N'Guyen Thien-Chi system, is directed to an 
improvement in oxide-coated cathodes and consists in the addition of carbides of certain metals 
to the nickel commonly used as a substrate material for alkaline earth oxides. 

The object of this improvement is to obtain oxide-coated cathodes of high thermionic 
emissivity and long life by virtue of the carefully controlled release of barium over the life of 
the cathode. 

It is known that oxide-coated cathodes are supplied in the form of a nickel substrate of 
varied structure, coated with alkaline earth oxides, particularly mixtures of barium, strontium and 
calcium oxides, these oxides generally being obtained from alkaline earth carbonates. 

The improvement according to the invention applies to all such cathodes. 

It is also known that the mode of operation of oxide-coated cathodes is based on the 
presence of an alkaline earth metal containing an excess of barium incorporated into the crystal 
lattices of the oxides, that the release of alkaline earth metal is brought about essentially by 
chemical reduction of the oxide by means of reducing agents in the nickel, and that there is an 
ideal barium concentration, too great an excess of barium being eliminated by evaporation. 
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It is further known that there are deleterious effects that lower the concentration of 
alkaline earth metal in the oxide, such as: 

Ionic bombardment, which is dependent upon the current density and the rated voltage, 

Chemical reactions between the alkaline earth metal and gases or vapors, 

Thermal evaporation, dependent upon the temperature of the cathode. 

If a cathode having good emissivity and long life is to be obtained, then these deleterious 
effects must be kept to a tolerable level, i.e., to a level such that the loss of alkaline earth metal 
is offset over the life of the cathode by the contribution resulting from chemical reduction of the 
oxide by the aforesaid reducing agents in the nickel. A solid-state reaction takes place on the 
contact surface between the coating and the nickel substrate, as a result of which the alkaline 
earth oxide BaO is reduced. 

The usual reducing agents are silicon, aluminum and magnesium, which are added to the 
nickel in small concentrations (on the order of a tenth of a percent). Titanium, tantalum or 
tungsten have also been added in some instances. 

All these reducing agents have the disadvantage that their reducing power is relatively 
high, causing barium to be produced in proportions that are too high to [merely] offset the losses, 
and they therefore prematurely form intermediate layers between the substrate and the oxide 
layer, as well as barium deposits, thereby limiting the life of the cathode. 

These intermediate layers, which have been discovered by experience and which are 
composed of silicate, aluminate, magnesium oxide, titanate, tantalum and tungsten, are capable 
of: 

Changing the electrical resistance of the cathode in the direction of current flow, 
Lowering the temperature of the cathode, 
Causing poor adherence of the layer, 

Retarding the diffusion of reducing agent and thus also slowing the rate of the solid-state 
reaction, causing barium to be released at the boundaries between the nickel substrate and the 
coating. 

In addition, some of these adjuvant metals, such as magnesium, have the disadvantage of 
forming metal deposits due to volatilization at the operating temperature of the cathode. 
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To obviate the drawbacks of these reducing agents, the present invention recommends 
adding to the nickel of the substrate metal carbides in concentrations of a few tenths of a percent 
to a few percent. 

It will be appreciated, first, that the carbides of the metals W, Mo, Cr, Ta, Nb, V, Hf, Zr, 
Ti, La, Y, Co, Pr, Th, U, Si and Al are highly refractory and pose absolutely no risk of deposits 
due to volatilization. 

Moreover, a study has shown that these carbides function as reducing agents with respect 
to alkaline earth oxides, but with a lower reducing power than the metals of which these carbides 
are composed. For example, the carbides of Si, Al, Ti, Ta and W are less strongly reductive than 
the metals Si, Al, Ti, Ta and W. Nevertheless, this reducing power is still amply sufficient to 
offset the losses of barium caused by the deleterious effects cited hereinabove. It follows that the 
formation of intermediate layers occurs more slowly and that the life of the cathode is therefore 
longer. In addition, the reaction between the alkaline earth oxides and the carbides forms barium 
carbide, which enters into the mass of other byproducts such as tungstate, silicate, etc., thereby 
potentially diminishing the ill effects of the intermediate layers. 

The carbide selected by preference is tungsten carbide. 

The manufacturing process for nickel with the addition of carbides can consist in: 

Either mixing the nickel powder with the desired quantity of carbide powder to make a 
compact from the mixture, sintering this compact, and then shaping it according to the known 
nickel metallurgy technique; 

Or adding the desired quantity of carbide powder to nickel melted in a vacuum oven. 

The grain size of the carbides should be very homogeneous and within ihe 1 to 30 micron 
range, depending on the type of duty for which the cathode is intended. This is because the grain 
size is an essential factor for controlling the reaction rate. The finer the grains, the higher the 
reaction rate. 

If cathodes are to be fabricated for heavy-duty operation at relatively high temperatures, 
where barium losses are relatively high, it is preferable to use a fine-grained carbide powder. In 
this case it is also advisable to use relatively high carbide concentrations (1 to 4%). 

On the other hand, for cathodes that are intended for relatively low outputs and operating 
temperatures, it is advisable to use a coarse-grained carbide powder with a relatively low 




concentration (no more than 1%). 

The described substrates are applicable to all types of oxide-coated cathodes used in 
electron tubes. 

The appended figure is an enlarged section through the cathode layers near the boundary 
surface between the substrate and the oxides, in which 1 denotes the oxide layer and 2 the nickel 
substrate with the addition of carbide according to the invention. 



A material for oxide-coated-cathode substrates, composed of nickel with the addition of 
a small percentage (between a few tenths of a percent and a few percent) of metal carbide. 
The use of highly refractory carbides. 
A manufacturing process for this material. 

As novel industrial products, oxide-coated cathodes employing the described substrates, 
and electron tubes provided with said cathodes. 
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